The production and use of low-carbon energy technology and services, such as renewable energy, are imperative for Asia's emerging economies (which are heavily dependent on imported energy and resources) to tackle global environmental issues like climate change. Acknowledging this fact, recently, governments in the Asian region individually have been taking effective actions in the form of voluntary targets and policy commitments to improve the production and use of low-carbon technology, such as solar, wind, geo-thermal, and so forth. Nevertheless, the diffusion of these technologies has been through liberalized trade, which has been low compared with trade and investment in other energy intensive sectors. Though effective tariffs are low, non-tariff barriers or behind-the-border constraints are very high. In this exploratory study, the potential for increased exports in low-carbon technology and services under a grand regional coalition, partial regional coalition, and stand alone scenarios is studied. We find that production, trade, and investment in renewable energy technologies are very low regionally. There is a large gap between the demand for and the supply of low-carbon energy technology and associated pollution abatement services. Behind-the-border constraints that exist within the exporting country, such as poor infrastructure and inefficient institutions, create this gap between actually realized and potentially possible exports. This supply gap provides an opportunity for those emerging Asian economies, which have the potential to contribute to the manufacturing of such technologies individually and collectively pooling their physical and human capital.
Introduction
The production and use of low-carbon energy technology, such as solar, wind, energy efficiency equipment, and other related services, are imperative for Asia's emerging economies, which are heavily dependent on imported energy and resources. In the last decade, low-carbon technology is also receiving increasing attention worldwide as a way to overcome global warming and achieve commitment to implement intended nationally determined contributions. Acknowledging this fact, recently, governments in the Asian region individually have been taking effective actions in the form of voluntary targets and policy commitments to improve the production and use of low-carbon technology (Kawai and Wignaraja 2008) . The observed effects of these commitments, however, are often challenged by many constraints such as technological barriers, financial deficiencies, and lack of human capital, some of which are very specific to developing Asia (NDRC 2009; Mikic 2010) . Although different sectoral policies, such as trade, environment, and investment policies that aim to facilitate private enterprises, households, and government agencies to contribute to sustainable development through the use of renewable energy technologies, are being implemented at the national level, fears of competitive disadvantage mean that policies need to be driven by global and regional frameworks that encompass all countries and sectors.
Trade can easily be identified as East Asia's and Southeast Asia's growth engine contributing to increased energy demand (Lackner 2005; Sjöholm and Kundin 2010) . It is interesting to note from the literature that production networks have more extensively spread in East Asia than other countries (Ando and Kimura 2003; Kimura and Ando 2005; Gill and Karas 2007) , dominated by vertical intra-industry trade, which several countries participate in at various stages of the production chain (Wakasugi 2007) . It should also be noted that as regional income increases, the demand for energy and environmental goods and services is expected to rise. In this context, the interesting question is whether developing Asian countries can significantly contribute to closing the gap between the demand for and supply of low-carbon energy sources and allied services in the region. As some of the low-carbon goods and services, such as biomass boilers, solar panels, and wind turbines, are labor intensive, drawing on the Heckscher-Ohlin theory, it is customary to argue that developing countries with a relative abundant supply of low-skilled labor should concentrate on labor-intensive goods production and exports. Empirical studies (Choi 2001; Sung 2012; Kodama and Inui 2015; Chia 2015) , however, have asserted that mere relative abundance in low-skilled labor does not guarantee sustained growth of labor-intensive exports, if countries do not have good logistics including transportation and telecommunication infrastructure. Thus, labor availability should be complemented with improved physical and institutional infrastructure (Song 2015; Wignarja et al. 2015) . Nevertheless, trade and investment in low-carbon energy technology and environmental services are low compared to trade and investment in other energy intensive sectors (Mikic 2010) . Though effective tariffs are low, non-tariff barriers or behind-the-border constraints are high (Mikic 2010) . In this context, the need for regional cooperation toward building and sustaining physical and institutional infrastructure assumes added importance (Streets 2005 ). An exploratory study in this area of how intra-regional cooperation can be achieved in trade and investment in low-carbon energy systems and associated environmental services will be useful for policymakers.
In this context, the objectives of this research are (i) to measure the potential for major developing economies to increase exports in low-carbon technology and services under a grand regional coalition, partial regional coalition, and stand alone scenarios; and (ii) to measure the impact of existing behind-the-border constraints on potential exports in emerging Asian economies.
Methodology
The current patterns of trade and investment in low-carbon goods and services in large economies of Asia, which are identified based on their energy consumption and carbon emissions, are examined. Eight countries (China, India, Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Vietnam) are selected for the study. Export flows (EX) in low-carbon energy technology and allied services between two countries (i and j) are determined by the following factors, and illustrated in Figure 1 .
First, the energy demand for and supply of goods, which are usually proxied by gross domestic product (GDP), and population (POP) of the exporting and importing countries, and the geographical distance (D) between countries, are expected to influence exports. These factors may be named "natural determinants" of export flows between countries. Second, relative prices of the imported goods, which are mainly influenced by the tariff (T) structure of the importing country, would also influence export flows and may be named changes in "explicit beyond-the-border determinants." Third, different kinds of institutional and infrastructural rigidities that exist in the exporting country may influence exports negatively and these factors may be referred to as "behind-the-border determinants" in the home country, which are under the control of the exporting country. Fourth, different kinds of institutional and infrastructural rigidities that exist in the importing country could also influence export flows negatively, and these factors may be called "implicit beyond-the-border determinants," which are beyond the control of the exporting country. Fifthly, bilateral and multilateral trade negotiations in the form of improvement in trade promotion and facilitation policies of both home and partner countries are expected to influence export flows positively. A dummy variable (D 1 ) can be used to represent whether there are such trade agreements between countries and influence of these factors on exports may be called "mutually induced determinants."
Another variable (FDI) is the ratio of foreign direct investment from Asia to FDI in the home country lagged one period, which is used as a proxy for regional integration. Here, it becomes necessary to elaborate briefly on the type of FDI used in this study. "The limited understanding of the role of FDI in promoting low-carbon energy system objectives is largely due to the lack of an internationally agreed definition of and relevant data on green FDI" (Golub, Kaufmann, and Yeres 2011, 7) . Further, there is no uniform data available on FDI in the WTO 153 list of low-carbon energy systems and other related services, for the selected emerging economies in Asia over the period of analysis.
Most importantly, particularly for FDI, low-carbon activity is often not associated so much with a particular good or service, but rather multiple range of technology, which is very difficult to apprehend statistically. There is an important role for FDI in manufacturing sectors and industries that are high energy intensive by nature but where the potential for energy efficiency improvement and pollution abatement is important. The latter dimension would not be captured if the definition was limited to investment in environmental goods (EGS). (Golub, Kaufmann, and Yeres 2011, 16) Therefore, total FDI is used in the following model to explain the export flows of lowcarbon energy technology and associated services.
The impact of the "grand coalition" scenario is captured by the coefficients of the two variables D 1 and FDI. The impact of the "limited coalition" scenario is captured by including only either one of the variables in equation (1), which is discussed subsequently. The impact of the "stand alone" scenario is captured by the deletion of both variables D 1 and FDI from equation (1). Estimating the contribution of each factor to the overall variations in export flows over time is important for evaluating the effectiveness of trade policy toward promoting exports in the home country. Loulou, Labriet, and Kanudia (2009) analyzed the possibility of achieving five energysaving or carbon emission reduction targets under a full cooperation and a sequential cooperation regime among countries using a stochastic programming approach. As the authors note, however, one major problem with the stochastic programming approach is that it does not consider the impact of non-modeled factors, which could constrain the adoption of some low-carbon technology. Therefore, the impact of non-modeled factors such as behind-the-border constraints on which full information is not available, is included in the stochastic model under an error component approach in this study. The approach is explained in the following paragraphs.
Drawing on Kalirajan (2007) , a stochastic frontier gravity equation is estimated to explain the variations in total exports of the focus country by incorporating directly the influence of natural determinants, behind-the-border determinants, mutually induced determinants, and explicit beyond-the-border determinants, for a given level of existing implicit beyond-the-border determinants.
ln(EX i,j,t ) = B 1,t + B 2,t ln(PCGDP i,t ) + B 3,t ln(PCGDP j,t ) + B 4,t ln(DIST i,j ) + B 5,t ln(T j,i,t )
PCGDP refers to per capita gross domestic product (GDP). DIST refers to the geographical distance between two major ports in exporting and importing countries. T is the average tariff rate in the importing country. FDI is the ratio of Asian FDI to total FDI in the exporting country. D 1 takes a value of 1, when there are trade agreements between the home and partner countries; otherwise it takes a value of zero. D 2 is a year dummy and equal to 1 when the relevant period is considered; otherwise it is zero. The estimation period is 2000 to 2011. u ij,t measures the negative influence of behind-the-border determinants that exist in the exporting country on which complete information is not known; and v ij,t refers to the normal statistical error term. It is assumed that u ij,t takes a value of zero if there is no significant negative influence of behind-the-border determinants; and it takes a positive value and thereby reduces the level of exports when there exists a significant negative influence of behind-the-border determinants in the exporting country. The parameter γ is the ratio of country-specific variation (σ 2 u ) to total variation, that is, (
. It indicates whether behind-the-border constraints are a determinant of total exports of low-carbon energy technology and services. When γ is significant, it implies that behind-the-border constraints are an important determinant of low-carbon technology exports.
Thus, drawing on the framework used in the stochastic frontier production function models (Kalirajan 2007) , u ij,t may be assumed to follow a truncated normal distribution N (μ, σ 2 u ), truncated at zero, and v ij,t is N(0, σ 2 v ). Equation (1) is estimated with maximum likelihood using the software FRONTIER 4.1 (Coelli 1996) .
To answer the first research question of what will be the magnitude of export flows in low-carbon energy technology and other associated services of the studied countries to their partner countries under the grand regional coalition scenario, the limited cooperation scenario and the stand alone scenario, the following simulations are performed using the estimation results from equation (1): a) Potential exports of the home country to the relevant partner countries when there are no significant behind-the-border constraints and there is grand regional cooperation, which is proxied by coefficients B 6 and B 7 associated with variables FDI and D 1 , respectively, are calculated from the parameter estimates of equation (1) with the assumption that u ij,t = 0. b) Potential exports of the home country to the relevant partner countries when there are no significant behind-the-border constraints and there is limited regional cooperation, are calculated from the parameter estimates of equation (1) with the assumption that u ij,t = 0 and either B 6 = 0 or B 7 = 0. c) Potential exports of the home country to the relevant partner countries when there are no significant behind-the-border constraints and there is stand alone attitude in the home country are calculated from the parameter estimates of equation (1) with the assumption that u ij,t = 0 along with B 6 = 0 and B 7 = 0.
To answer the second research question of what are the impacts of behind-the-border constraints on potential export flows in low-carbon energy systems in the region, the ratio of actual export flows to potential export flows under the stand alone scenario (EX a /EX p )
is calculated across the selected countries-this provides a measure of how much potential is achieved by the relevant country. A measure of [1 -(EX a /EX p )] × 100 shows the relevant country's un-utilized potential due to its behind-the-border constraints.
Data source
The main data sources are COMTRADE, WITS, and UNCTAD's World Investment Reports covering the period 2000 to 2009. The studied countries are China, India, Indonesia, 
Current patterns of trade and investment in low-carbon energy technology and allied climate smart services
The effective tariff structure of all industrial goods and low-carbon technology are presented in Table 1 . The tariff structure of general technology ranges from 11.7 percent to 5.0 percent and that of low-carbon technology varies from 32.2 percent to 2 percent depending on the technology and the country. Some countries, like China, are major producers and net exporters of solar photovoltaic at the world level, whereas other economies, like Singapore, are net importers.
Production and thereby exports and imports of low-carbon energy technology are mainly determined by technological innovation and investment; the current patterns of exports and imports of such technologies in major Asian emerging economies are shown in Table 2 . It is interesting to note that China dominates trade in goods and services of all categories except "waste to energy," in which India dominated from 2000 to 2011. Among the ASEAN emerging economies, Singapore dominates trade, followed by Thailand. Given the difficulties in identifying FDI that is directly connected with the production of the 153 WTO list of low-carbon technology goods and services, estimates from different sources are discussed to examine the overall pattern of investment in low-carbon energy. It is estimated that in the next 20 years India will need investments of over US$ 1 trillion to improve healthcare, transportation infrastructure, and energy production. In 2011 the World Bank approved a US$ 15.36 million credit and a US$ 8.14 million grant for the Biodiversity Conservation and Rural Livelihood Improvement Project to support the Government of India in its efforts to conserve high-value forest areas with the objective of improving the livelihoods of forest-dependent communities. The project, which will run for six years, will conserve biodiversity while improving rural livelihoods by applying culturally appropriate and tested participatory approaches from the communities to support opportunities for improving rural livelihoods.
Potential exports of low-carbon energy technology and other services under different scenarios
Using unbalanced panel data for the selected Asian emerging economies over the period 2000 to 2011, equation (1) was estimated using the software FRONTIER 4.1 for total exports of low-carbon goods and services and also for each of the 12 categories of lowcarbon goods and services exports for the individual countries. Table 3 shows the estimation results for total exports of low-carbon energy technology and services.
All the coefficients for individual countries are statistically significant at least at the 5 percent level, which indicates that the selected model explains well the variations in export flows in low-carbon energy technology and services through the selected determining variables. The statistical significance of γ implies that behind-the-border constraints are important determinants of export flows in low-carbon energy technology and services from the selected Asian emerging economies. This result also confirms that the selected model is appropriate to examine the determinants of export flows in low-carbon energy systems from the selected countries. Other interesting results are the magnitude and significance of the variable FDI, which is the ratio of FDI from Asian countries to FDI in the relevant Asian emerging economy, and D 1 , which shows the existence of trade agreements between the exporting Asian emerging economy and its trading partners. Taken together, these two coefficients indicate the influence of the grand coalition scenario on exports of low-carbon energy systems from the concerned Asian emerging economy. On the other hand, taking either of the coefficients individually indicates the influence of the limited coalition scenario on exports. Though these coefficients are all positive for all the Asian emerging economies, they vary in magnitude across countries. The impact of Asian FDI on exports of low-carbon energy systems is largest for Singapore (0.92) and lowest for the Philippines (0.46). This means that Singapore's low-carbon energy technology exports would increase by 9 percent for every 10 percent increase in FDI from Asian countries. This clearly supports that further research and investment through regional cooperation could lead to substantial benefits.
Another important result that conveys the significance of regional cooperation on improving low-carbon energy technology exports in Asian emerging economies concerns the positive and significant coefficient of the variable D 1 . The coefficient varies from 1.06 for China to 0.82 for Thailand. The implication is that China's existing trade agreements with other countries have facilitated China's ability to export more low-carbon energy technology and services than other Asian emerging economies, which also have trade agreements with their partner countries. Table 4 shows the potential increase in exports of low-carbon energy technology by category each studied economy would achieve under the grand coalition, limited coalition, and stand alone scenarios. These scenarios are simulated with the assumption that there are no "behind-the-border" constraints to exports in those emerging economies. 
I
All Asian emerging economies enjoy greater export potential in a grand coalition than a limited coalition. Nevertheless, the percentage increase varies across countries; China and Singapore appear to enjoy greater export potential in the majority of categories. The implication of these results is that regional cooperation in the form of a grand coalition can certainly increase the export potential in low-carbon energy technology in emerging economies, which would accelerate the pace of transforming Asia into Green Asia.
Such a transformation will not come without careful tailoring of the existing energy policies and agreements relating to matters such as preferential or free trade agreements entailing the removal of barriers to trade in goods and services, particularly with ASEAN countries, China, and India.
Also equally important is the elimination of behind-the-border constraints that exist within the exporting country, such as poor infrastructure and inefficient institutions, which create the gap between actually realized and potentially possible exports. The gaps between the actual and potential exports are calculated for each year from 2000 to 2009 and the average gaps for the selected eight Asian emerging economies are presented in Figure 2 .
The results indicate that China's gap between its actual and potential exports is the smallest, which means that on average China is able to realize 80 percent of its potential exports. Singapore is able to realize 73 percent of its potential exports, whereas the figure for India is 70 percent. Vietnam appears to be realizing only about 62 percent of its export potential in low-carbon energy technology and associated services. It would be interesting to examine what specific behind-the-border constraints contribute to such gaps in these countries. Due to lack of appropriate data across the countries over the period of analysis, identification of specific constraints could not be done in this study.
Conclusions
Trade has been a main source of growth for East Asia, and this has been nurtured over the years through the creation of production networks. Such an industrial agglomoration has also increased the demand for energy use in South and Southeast Asia. The experiences of East Asian countries encouraged other ASEAN countries to get connected to East Asian countries either directly or indirectly. Thus, Asian countries appear to be moving steadily toward a greater Asian integration. With the increasing attention of attaining energy security and the necessity to implement Intended Nationally Designated Contributions to abate climate change, each country is showing a keen interest to increase low-carbon energy uptake. Unfortunately, production, trade, and investment in these technologies are still very low regionally. This means that there is a large gap between the demand for and the supply of low-carbon energy technology and associated pollution abatement services-only 50 percent of the low-carbon energy technology and associated pollution abatement services that are to be used by 2030 are available to developing countries of Asia. This supply gap provides an opportunity for those economies, which have the potential to contribute to the manufacturing of such technologies individually and collectively pooling their physical and human capital. How to materialize the existing opportunity across Asia, and globally, depends on country-specific and region-specific factors that need further focused studies.
